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Studies of the behaviour of quantum systems in a range of energy where their 
classical counterparts undergo transitions from regularity to irregularity, as 
lanifested in phase space by the gradual destruction of invariant tori, to date 
have largely been confined to model Hamiltonian systeas such as harmonic oscil-
lators with cubic, quartic, or higher-degree polynomial corrections, or the sta-
diu. problem. We show that phena.ena which have turned out characteristic of 
the onset of -quantum stochasticity- in these .adel syst~s can in fact be re-
covered in the quantal energy spectra of a -real- physical systea, viz. spectra 
of hydrogen Rydberg atoms in strong magnetic fields. This implies that one 
has a simple prototype system at hand in which to study - not only in theory but 
also in experi~ntI quantitatively and in detail, and as a function of a contin-
~sly tunable external para.enter - phenomena that are expected to be typical 
of the quantu. properties of nonintegrable systems in general. 
With regard to ~asurements of the Balmer spectra of highly excited hydrogen 
and deuterium atoms in a .agnetic field of 6 Tesla which are in progress in the 
Bielefeld group (Holle and WeIgel) we have numerically determined energies and 
wavefunctions of Rydberg states for this field strength, and have computed, with 
hlgh accuracy, the oscillator strengths of transitions from 2p to even-parity 
flnal states with magnetic quantUl numbers Iml= 0, I, 2 up to energies 
,-4001 below the field-free ionization threShold. To solve the 
(non-separable) SchrHdinger equation for an electron moving in a fixed Coulomb 
potential and a homogeneous magnetic field we expanded the wavefunctions in 
terms of spherical harmonics, and the radial expansion functions in a complete, 
orthonormal basis set of Laguerre functions with fixed exponent. In this basis, 
the Hamiltonian .atrix ass~s a banded form, and can be diagonalized by use of 
effiCient standard algorithms. Our choice of basis bears some resedblance with 
the Stunaian basis used previously by Clark and Taylor2) but avoids the diffi-
culties associated with the non-orthogonality of the Sturmian basis. 
curthermore~ while calculations using oscillator functions in seai-parabolic 
coordinates~ produce eigenstates each of which belongs to a different value of 
the -.gnetic field strength, our basis has the advantage that one diagonaliza-
tlon procedure yields the complete spectrum at fixed B. 
Taking account of line broadening, in accordance with experimental resolu-
tion, and field ionization effects, and summing over the individual lines we ar-
rive at synthetic spectra. As an example, Fig. I shows a theoretical spectrum 
of A. cO Balmer transitions to • cO even-parity final states. This opens the 
way, for the first time. to quantitative comparisons, over a wide range of ener-
gy, with experimental spectra of highly excited strongly aagnetized hydrogen and 
deuterium ato.s. 
The calculations of the level sequences performed by us can now serve as a 
baSis for a thorough investigation of .anifestations of -quantu. stochasticity-
in this system. Fig. 2 gives a comparison between the quantal spectrum and the 
fraction of regular orbits in the Poincare surfaces of section at z = 0 as a 
function of energy. We can confirm the conjecture of Hasegawa and earada~ that 
the evanescence of regular orbits in the classical problem is related to erratic 
increases of oscillator strengths. The statistical analysiS of fluctuations of 
the energy value sequence in the transition region between regularity and irre-
gularity shows a turn-over in the nearest-neigbour spacing distributions fro. a 
POisson to a Wigner distribution (Fig. 3). Calculating the spectra in the tran-
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sition region as a function of the .agnetic field. we find an increase of .ulti-
ple avoided crossings of levels. and. related to this. a strong sensitivity of 
eigenvalues and transition rates to s.all changes in the perturbation. viz. the 
.. gnetic field. All these are .. nifestations of ·quantum stochastic1ty· which 
had been present in the inyesttgations of .adel syst~sRF. Our inyestigat10ns 
retnforce the universality of these characterizations of ·chaotic· quantUM spec-
tra in a ·real· physical S1St ... 
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Fig. 2. Oscillator 
strengths of 611=0 
transitions from 2pO 
to Rydberg states as 
a function of the 
energy of the Ryd-
berg state in com-
parison with the 
ratio of the area of 
the regular parts of 
the Kill region to 
the total area of 
the Kill region in 
the phase space of 
the classical mo-
tion. 
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Fig. 3. Hearest-neigbour spacing histograas for the energy levels of the hydro-
~ Itoa in a .. gnetic field of 6 T. In the energy interval where the cor-
responding classical motion is regular (a) we obtain a Poisson-like distribu-
tion, in the interval where the classical .ation becones increasingly irregular 
(b) we arrive at a Wigner-type distribution. 
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